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PREDICTION OF DRAG COEFFICIENTS OF A SUPERSONIC V/STOL

CONFIGURATION WITH VARIOUS STORE ARRANGEFIENTS*

Tore C. Tat , Thomas H. Boyd , and Richard E. Kuhn

David W. Taylor Naval Ship Research and Development Center

Bethesda , Maryland

ABSTRACT

Numerical computations , using supersonic area rule ,
linear theory and turbulent boundary layer solutions , were
performed to evaluate the drag coefficients of a supersonic - -

V/STOL configuration with various store arrangements.
External stores included short— and medium—range missiles ,
electronic pod , and 600—gallon (2280—liters) fuel tanks.
Predictions were based on cruise conditions at Mach nupbers
1.2, 1.6, and 1.8 with Reynolds numbers between 2 x 10u and
66.2 x io6. As expected , it was found that the drag coef-
ficient decreases as the free—stream Mach number increases.
The wave drag varies nonlinearly with added store capacity.
Data indicate that for the same store capacity, the wave
drag may be minimized by judicious selection of store
location.

INTRODUCTION

The drag prediction analysis reported in this paper was part of an evaluation
to define the geometry and performance of a supercruiser concept for vertical
and short takeoff and landing (V/STOL) to carry weapons compatible with the deck
launched intercept (DLI) and strike missions. It is a modified version of a
National Aeronautics and Space Administration (NASA) supercruise fighter
configuration. An inboard profile was developed to integrate engines , fixed
equipment , av ion ics , fuel , and landing gear in a preliminary design process.
Changes in the fuselage were made to meet volume requirements , and new approaches
to weapons integration were developed without adverse effects on the area dis—
tributton . Weapon and airframe integraPion must be accomplished with minima l
effect on overall aircraft drag.

work was sponsored by the Naval Air Systems Command (AIR—320D)
and the Naval Air Development Center (NADC—6051).
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Drag coefficients of the new configuration with seven store arrangements
were determined . Theoretical drag consists of supersonic wave drag and turbulent
skin friction . The former was calculated either by a far—field solution based
on supersonic area rule or by a near—field solution based on the linear theory .
The l a t t e r  was evaluated by a turbulent flat plate solution applied to local
longitudina l strips ali gned with a free stream. The shearing stress of these
str ips was determined with the Reynolds number based on the strip length; the
frictional drag of the whole atrc raft was obtained by summing those strip values.
Computations were made at the David W. Taylor Naval Ship Research and Develo~;
sent Center (DTNSRDC) using an existing supersonic a i r craf t  analysis program
w i t h  minor  m o d i f i c a t i o ns.

AIRCRAFT AND STORE ARRANGEMENTS

Clean Aircraft Configuration

The airc raft model is basically a NASA Supercruise Fighter 4~~ modified
with twin extended pods at the rear end of the fuselage to accommodate fixed
equipment without adverse effects on area distribution . The model is a twin—
engine tailless arrow—wing design with a single rectangular inlet beneath the
fuselage and out board vertical tails and ventral fins . The original config-
uration , the NASA Supercrulse Fighter 4, is a supersonic cruise concept aerody-
namically designed for efficient cruise at Mach 1.8. An isometric and a three— r
view drawing of the present aircraft conftguration are shown in Figures I and
2, respectIvely. Geometric characteristics are given in Table 1. A feature of
this modified configuration is the extension of the fuselage at the fuselage -wing
juncture and a short extension at the fuselage centerline between the engines.
Modification s made to the fuselage contours , to accommodate engines sired for the
mission applications , ar c nut apparent in the three views. Figures 3 and 4 show
the original and modified version of the NASA Supercruise Fighter 4. Figure 5
illustrates the revisions made to the fuselage cross section in Station 38.89
located just af t  of the engine inlet face.

Aircraft with Stores

Externa l stores of the aircraft configuration include short— and medium—
range missiles , an electronic pod , and 600—gallon (2280—liters) fue l tanks.
To avoid the high drag that would be encountered at supersonic speeds with
conventiona l pylon mounted stores , an aerodynamically integra ted store concep t
was envisaged. The stores were assumed to be reconfigured so that they could
be flush mounted on the bottom of the aircraft and fitted with disposable
fatrings where necessary to aerodynamically integrate them with the lines of
the airframe . They would thus appear as longitudinally oriented streamlined
bulges. The computer program could not accept the actual aerodynamically
designed stores configuration and it was necessary to use the equiv~len t body
area d istribution in predicting the drag. All stores are mounted symmetrically

*A complete listing of references is given on page 10.
55

Referenc~, 2 is cited for a detailed description of the NASA model .
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about the fuselage centerline . A description of the store arrangement
combinations and their designations are given in Table 2. The computer drawn
f igures of these comb ina tions are shown In Figure 6.

DRAG CALCULATI ONS

The theoretical drag of an aircraft in supersonic fli ght consists of
• the skin frictior~ and the supersonic wave drag. Pressure drag due to flow

separation is not considered. In addition , the present study is restricted
to zero lift cases so that the drag due to lift is not presented .

Skin Friction

The total aircraft skin friction ~.ag coefficient is a f unction of Mach
numbe r and Reynolds numbe r values . The skin friction drag coefficient Cf
of smooth and plane surf aces , as a function of Reynolds number Re is given
in Figure 7. The figure , mod i f ied f r om Refere nce 3 , represents average
coefficients of 16 independent tests. the effect of compressible flow is
to reduce the value of Cf.

The skin friction of the confi gurations with stores was computed using
a turbulent flat plate solution which is applied to local longitudina l strips
aligned with the free stream. The ‘lat plate solution is called the T method
which is based on the calculation of a compressible skin friction coefficient
Cf from a reference skin friction coefficient C’ f for a given free—strea,.
Mach numbe r M , Reynolds number Re , and adiabatic wall temperature Tw:

Cf C1 ‘~
j --)

• T’ and C’~ are obta ined from

- 1 + 0.03511 + 0.45 

~ ~
) (~~ )

0.242 [ Re

• ( C ) 1/2 ~ 
lOg~~ 1C f 
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where w denotes the exponent of Sutherland ’s relat ion between viscosity and
temperature and the subscript denotes the free—stream condition . The deriva-
tion of the method is given in Reference 4.

The configura tion , including the tail, ca nard , and ex terna l stores , is
divided into ma ny s t r ips;  the wetted area of these strips are then calculated .
The total frictional drag of the configuration is determined by summing the
strip values along with the corresponding wetted areas.

Supersonic Wave Drag

The supersonic wave drag was calculated by a f a r—f ie ld  solution based on
the supersonic area rule. A near—field solution based on the linear theory was
used as a check in some cases.

I .  The Fa r—Field Solution

In using the supersonic area rule , the aircraft configuration with
stores is t ransformed into several equivalent bodies of revolution by passing
a series of parallel cutting planes through the configuration. The cutting
planes are inclined with respect to the aircraft longitudinal axis at the Mach
angle, and a single equivalent body is produced for the series of cutting planes
a t a cons tan t az imu thal ang le 0. The cross—sectional area of the equivalent body
at each station is the projection of the area intercepted by the cutting plane
onto a plane normal to the aircraft axis.

The wave drag of each equivalent body of revolution is then determined
by the slender—body relation of von Kirm~n 5:

D( 0) — — ~ f Qf t .I ( ) A”(x 2 ) log x1—x2~dx1dx2 
(4)

where x 1 and x2 are lengthwise variables of integration and A” is the second
derivative of the body area distribution. The wave drag of the aircraft at a
given Mach number is calculated from the integrated average of the equivalent—
body wave drags.

2 w
D — 

~-~f D( 8) d O  (5)

Because of the conftgurntton ge’~erality possessed by the supersonic arearule , various store arrangements can be easily transformed into equivalent
bodies of revolution and , therefore , it is the primary source for obtaining the
zero—lift wave.
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2. The Near—Fie ld  So lu t ion

The accuracy of the tar—field solutiøn was first checked by a more
sophisticated near—field solution which gives m •re detailed intorzsation such as
surface pressure distribution and interference effects. The ent ire solution
involves calculat tons of “isolated~ wave drag of the components and superposition
of interference drag between the components.

in calculating the “isolated’ wave drag, the surface pressure coefficient
on the upper (or lower) surface ot a t lat—mean— line wing of symmetrical surface
shape is obtained by tirs t determining the corresponding velocity potential ,
d ifferentiating with respect to x (to get u). and then computing the pressure
coefficient f rom the approximation , C~ — -~u/V .

The velocity potential computation , f rom Reference 6. is:

— 

~ ff 2~~1/2
— (y—n)

wher e ~ (x ,v) — ve loc it y p otential at a defined wing t i e ld  poin t  ( x , y ~

— surt act’ slope (d z / d ~ ) of wing section at a wing
integration point

—

• x variable of integration

— v variable of integration

• r — subscript denoting interval of integration (surface of
the wing planturm within the Mach torecone from x , V )

• The wing thickness pressure coefficient is:

C ( x ,y) — —
~j~~ — - - — 2

where p — local pressure a t x ,y

p — free—stream static pressure

u - x perturbation velocity

U ,q — free—stream velocity and dynamic pressure

S
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For fuselage and macd ies, the surface yressure distribution is obtained
from a method based on the Lighthill theory. The method 1. applicable to
bodies having either smooth area distributions or bodies with slope dis—
continuities. In computation , smooth area distributions are assumed except
(if required) at the nose or aft end of the body. Open-nose bodies , such
as nacelle., are permissible. The solution technique requires calculating
an axial perturbation velocity which is a function of the body cross—sectional
area growth (and radius distribution) and a decay function which relates area
growth to its effect on a given field point. The axial perturbation velocity
u is given by:

u (x )  — — 

~~~ 
dS~ (8 )

where x — body field station

W(Z) — decay function; see Reference 1

— x variable of integration

z — position function — (x—O I6P..~
— body radius at F~

S~ — first derivative of body cross—sectional area S at f~

The pressure coefficient is calculated from one—dimensional flow relationships
given in Reference 8.

— 

0.iM~ 
(11+0.2 [(1 

2)(1+,~~2..1] j

3
:~~
) 

(9)

To account for the pressure signatures propagated by the shock wave flow
field about the fuselage and maccu es, the pressure field is calculated uging
the modified linear theory of Whitham for a supersonic axisyimietric flow.
The resultant pressure coefficient is

P~P,o ~~~ i ..
c •—  — (10)
p q,, (20r) L’2

6
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where r is the radial distance from the body and the function F(y)

F(y) - 

(y t)~~ 2 
( 11)

which is dependent on body geometry as S”( t )  represents the second derivative
of body cross—sectional area.

In calculating the interference drag, the fuselage—on—wing interference is
determined by the near—field pressure signature from the fuselage at selected
spanwise stations and imposing them upon the corresponding wing sections. - The
wing—on—fuselage interference is obtained by computing wing thickness pressures
in the area occupied by the fuselage , with wing surface slopes being set equal
to zero.

The nacelle—on—wing interference is obtained by calculating nacelle pressure
signatures at the same spanwise stations used for the wing thickness pressures
(p lus extra stations immediately adjacent to the nacelle centerlines), then
def ining a composite signature by summing together the contributions from all
nacelles. The nacelle pressure coefficients are doubled to account for reflection
from the wing surface . The wing—on—nacelle term is accounted fo r  by t ransfer r ing
wing thickness pressures along Mach lines from the wing surface to the nacelle
centerline.

The nacelle—on—fuselage interference is considered by integrating each
nacelle ’s pressure signature upon the fuselage area growth. The fuselage—on—
nacelle term ig  obtained by imposing the fuselage pressure signature on each
nacelle surface as a buoyancy force. The interference term of other nacelles
acting on a selected nacelle is calculated by building up the composite buoyancy
f ield , and then imposing it upon the nacelle surface.

The Computer Program

The computer program used for the above drag cal cula tions is bas ically the
supersonic aircraft analysis program described by Middleton et al. with minor
modifications made at DTNSRDC. A detailed description of the program is given in
Reference 1. Program options include the SKIN FRICTION , FAR—FIELD WAVE DRAG ,
NEAR—FIELD WAVE DRAG , WING DESIGN , LIFT ANALYSIS , and PLOT programs. Except for
the WING DESIGN and LIFT ANALYSIS options , the program is fully utilized in this
analysis. The PLOT routines were modified to adapt to the CP.LGOl’~ 936 plotting
facility at DTNSRDC.

In preparing the inputs for the compu ter , the aircraft configuration surface
is approximated by a large number of quadrilateral shapes defined by input coordi-
nate points in physical space. The original fuselage contour lines were modified
to provide the volume requirements for mission oriented equipment , f uel , and en—
gines. The mission oriented stores (missiles) were redesigned to obtain integrated
stores. Then the resulting store configurations were converted to equivalent bodies

j of revolution and the radius determined at longitudinal stations as computer input
data as illustrated in Figure 8. A sample listing of computer inputs for the V/STOL

“-
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S is given in Table 3. The corresponding plots of four oblique orthographic
views of the configuration are shown in Figure 9. These pictures are significant
not only to show extensive flow calculation but also to offer an efficient way of
checking the computer modeling of the selected configuration.

About 15 minutes of CDC 6600/6700 CPU time is required to calculate a far—
field wave drag solution of a typical configuration at one angle of attack . The
near—f ield wave drag solution requires approximately the same computer time even
though it  gives a more detailed pressure distr ibution . The reason for using the
far—f ield solution for most cases is the ease in simulating the external stores
by bodies of revolution associated with the area rule concept. The computing
time for turbulent akin friction is less than two minutes .

RESULTS AND DISCUSSION

The drag coefficients were determined for the present supersonic V/STIlL
conf iguration with seven store arrangements and for the original NASA Super—
cruiser  4 test case. Wave d rag values were calculated at N,,, 1.2, 1.6. and 1.8,
and skin friction values were determined ~t the same Mach number with corresponding 

• -

Reynolds number s of 6.62 x I0~ , 5.88 x 10’, and 4.41 x lO p , respectively, based
on a mean chord length of 31.06 feet (9,47 meters ) and an altitude h — 50 ,000 feet
( 15 ,240 meters). Additional skin friction values were evaluated for subsonic Mach
numbers 0.1 , 0.2, 0.3, and 0.6 at addi t ional  but lower a l t i tude . .

The calculated results of the test csse (NASA Supercruiser 4) are presented
in Tab’e 4 and plotted in Figure 10 along with independently calculated data by
Shrout using the separate methods of References 4, 9, and 10, and experimental
measurements taken from Reference 2. Skin friction , wave drag (which iitcludes
pressure drag and interference drag by the near—field solution), and dra g due to
camber are considered . Because the present supersonic V/STIlL configuration has
the same wing as the original NASA configuration , the values f~ r drag due to
camber at ze ro l i f t  were taken direct ly from NASA calculat ions for camber cor-
rection. Generally, the present calculated results compare very well wtth the
experimental values at N,,, — 1.6 and (.8, but yield higher values at N,1. 1.2.
This is expected because the linear theory starts  to f a l l  apart as the free— strea m
Mach number approaches unity. However , the accuracy of the linear theory may be
improved to a certain extent by using a fine integration grid , as done by Shrout
to yield bett er comparison at N , • 1.2. Figure 10 also shows some subsonic drag
values .  Because the theory does no t include dra g due to camber , the resul ts are
conside rably lower than actual measured values .

The basic data computed in the present work are summarized in Table 5.
Conf iguration numbers are designated In accordance with Table 2.

For the clean aircraft configuration , Confi gura ti on 1, both far—field and
nea r—f ie ld  wave drag values were determined and the difference between the two
solutions was examined . Basically , the far—field solution yields sligh t ly h igher
wave drag value, than the near—field solution (including the camber correction).
Since the near—field solution is considered to be more reliable and more accurate.

*P t t communication with 8.1.. Shrout on 26 Jan 1918.
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the total drag is determined by the sum of the near—f ield wave drag (including
the camber correction) and the skin friction. Configura tion 1 has larger total
wetted area and , therefore , yields higher wave drag as well as skin friction.
Note that computations of skin friction for the original NASA configuration were
based on Reynolds numbe r 2 x 10 while calculations for other conf igura tions
were based on much higher Reynolds number , determined by the combination of Mach
number , altitude , and the mean chord length , c — 31.06 feet (9.47 meters). At
an altitude of h — 50 ,000 feet (15 ,240 meters3~ the resultant Reynolds number
would be 6.62 x IO~ , 5.88 x lO~ and 4.41 x 10 for M,, 1.8, 1.6, and 1.2,
respectively. At these Reynolds numbers, the corresponding skin f r iction results
for the original NASA configuration would be 0.00467, 0.00496 , and 0.00559, which
are generally lower than the Configuration 1 values.

For Conf igura tions 2 through 9 , the wave drag coefficients were all deter—
mined by the far—field solution which were then converted to the near—field
values based on correlation between the coefficients obtained by the two solu-
tions for Configuration 1. The total drag coefficients were obtained by adding

• the skin friction. The total drag, so determined , should therefore include the
interference drag and the drag due to camber , al though they are not directly
determined from the far—field solution.

Finally, Figure 11 depicts the variat ion of total drag coefficients with
free—stream Mach numbers , using the data taken from Table 5. As expected , the
drag coefficient decreases as the free—stream Mach number increases. The wave
drag varies nonlinearly with added store capacity . This variation may be attrib-
uted to the interference of shock waves and to the difference in resulting
equivalent bodies of revolution in accordance with the supersonic area rule.
This difference implies that an optimum arrangement of external stores can be
found to yield an equivalen t body of revolution having the leas t supersonic
wave drag. For instance, at N,,— 1.8, the drag value of the aircraft with four
medium range air—to—air missiles (Configuration 3) is 0.01102 and the drag value
of the aircraft with four identical missiles plus two short range air—to—air
missiles (Conf iguration 5) is 0.01099. The wave drag decreases when two short
range missiles were added . The results of Configurations 3 and 3A (in Table 5)
also indicate that, for the same store capacity, the wave drag may be minimized
with judicious store location.

9
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TABLE 1 — GEOMETRIC CHARACTERISTICS OF SUPERSONIC V/STOL
CONFIGURATION NO. 1

Wing Span, feet (meters) 50 (15.24)

Overall Length, feet (meters) 65 (19.81)

Wing Reference Area, square feet 1060 (98.513)
(square meters)

Aspect Ratio 2.08

Wing Sweep, Inner Panel (degrees) 72.5

Wing Sweep, Outer Panel (degrees) 45.6

Mean Chord c , feet (meters) 31.06 (9.467)

Outboard to Inboard Chord Ratios, r

Inner Panel 0.3272

Outer Panel 0.6145

Root to Tip 0.2010

Airfoil Thickness to Chord, t/c

• Ratio

Root (0.2037 span) (percent) 2.488

Leading Edge Break (0.60 span) (percent) 3.360

Tip ( 1.00 span) (percent ) 3.360

Wi ng Camber (see tabulated data)

Root, feet (meters) 2.417 (0.7367)

Tip, feet (meters) —0.1465 (—0.04465)
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TABLE 2 — DESIGNATION OF EXTERNAL STORE ARRANGEMENT

Aircraf t
Designation Description

NASA Supersonic Cruise Fight .r 4 The model configuration as descr ibed
in Reference 2.

V/STOL i The clean aircraft configuration
as pr.sented in Figure 2.

V/STOL 2 V/STO L 1 with two medium—range air—
to—air miasilea (NRAAI4) mounted
on the underside of the fuselage
at the aircraft center of gravity
location.

V/STOL 3 V/STIlL 1 wi th four MRMN ’s, two
mounted as in V/STOL 2, and two
mounted outboard at approximately
the mid—wing location.

V/STOL 3A V/STOL 3 with the two fuselage
mounted MRAAM ’e moved forward.

V/STOL 38 V/STOL 3 with the two fuselage
mounted MRAAII’s moved aft.

V/STOL T V/STOL 1 with two 600—gallon
(2280 liters) tanks mounted out—
board near the mid—wing location.

V/STOL 5 V/STOL 3 with two short—range air—
to-.gir missiles (SRAAN ’s)
mounted on the wing tips.

V/STOL 6 V/STIlL 2 with two SRAAII ’s mounted •

on the wing tips.

12
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TABLE 2 (Continued)

Aircraf t
Designation Description

V/STOL 7 V/STOL 3 with two 600—gallon
(2280 liters) tanks mounted under
the wing near the fuselage .

V/STOL 8 V/STIlL 1 with one electronic counter
measure pod mounted on the underside
of the fuselage at the aircraft
center of gravity, two air—to—
surface missiles (ASH ’.) mounted out-
board near the mid—wing location , and
two 600—gallon (2280 liters) tanks
mounted as in V/STIlL 7.

V/STOL 9 V/STOL 8 with two SRRAI4’s mounted
on the wing tips and no tanks.

V/STIlL 10 V/STOL £ with two ASM ’s mounted
under th. wing near the fuselage
and two SRAAI’I’s mounted on the
wing tips.

‘ I
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TABLE 1 — NUMERICAL. MODEL. FOR V/SL’OL AIRCRAFT ~

GE OM NEW
TYPE 1. StjPfN~ON1C VF~ TOL $IQCQ*~ T NO. S
1 1 1 1 1 0 10 6 16 10 20 0 23 $ 2’. 10 3 19 2 10

0.0 .3 1.’. 9.C 10. 20, 30. 60. SO, 60, KUIO
6~. 70. 76 . 00. OS. SO. 93. 100.
zr . t~~o 6. 9A~ -1. 7 1’. c z . t s o
32.621 o. ti —1 .999 ~?.tti6 3,~~~6 i f . O O i  —2 . 66?  36. 0 f,C WORGI
S~~~.q9% j 3 ,63~ -5 .106 27.651 W3966
37,671 17.16~ — 1 .’7? 23.690 ,IOOGS
6S.aH ?0.’.9’. — ‘.~.M 17.091
63 e 12 6 2) . ’76 -3.629 t ? .O ’1
79.0S? 3~ .2SC - 1 . 3 3 9  10 . 6 7 0  WO OGI

•.coc .02 3 .00 1 .211  . ‘?t — .3’.t  — .610 — .919 —1 .377 —1.9,30 17 1
—l.t?’ — ‘.326 —P.506 -2.60? — 2 . 5 5 0  —3 .020 —3.103 —3. 313 17 1
S.O-3~ .02’ .106 .236 .2’.I .030 — .360 — .75? —1.262 —1.601 1? 1

— 1 . 09? - ‘.096 —?. . ! R I  — 2 . 6 7 7  —?. ~.6? ~p, iqq —~~.
q?j —3 .106 It I

0.000 .021 .~bQ .236 .279 .111. .020 — .?39 — .320 — .036 1’ 3
— ,~00 — 1.13* —t .200 —1.635 -1.373 —1. 71? —1.066 —1.96$ 1? 3
c.oec .cio .o~s .IIS .239 .~ at .10’. .t63 — .009 — .266 17 ~— .366 - .69 0 — .966 — .660 — .73 .. — .0 16 — .917  t . 6 0 3  9
0.000 .013 .061 .126 .216 .11.6 •.‘Jt .163 .01 3 — .033 72 3
— .11? — .ts~ — .:61. — .iic — .3?~ — .~~3q — .‘os — .961’ 1? 3
0.030 .~ O’ .‘t3 .061 .001 .109 .108 .001 .086 .009 Ti I
— .01% — .~ 6t ~~~~~~~~ •.~ 9i — ,u q  — . 16? — . 173 — .201 17 1’
G.cOO .00’. .013 .081 .001 .109 .1C6 .001 .086 .003 Ti 7
— .01’ — .09 1 — .~~66 — .091 — . 119  — . 19? — . 173 — .101 72 7
0.0 00  — .00’ — .~ 00 — .).‘0 — .056 — .076 — .079 — .0?~ — .Obl — .061 Ti N
— .023 — .000 .C13 .0-10 .3’.l  . 0 7 1  .0% . 1 1 7  7? 0

0 . 0  .3 10 •‘:~ ~~~~ .?‘.J .%~ i.0~ 0 1.161. 1.220 1.266 WO’.O I
1.116 1. 130 1. 69 . 917  • ?3q  .32* .203 0.0 WOQfl I
5.0 .166 .9~ 6 .6 A ~~~~~~ .99 0 1.130 1.212 1.275 1.308 W~19U 21.279 1.206 1. ’lQ .Q’9 .718 ,396 .?~~, 0. 0  ~ 09f l  2
0.0 .6~ o ,~~ 2 ,?~,3 •9*A 1,110 1. ?,. t.37Q 1.662 1,6?? 5090 3
1.930  t . 3 ( ’~’ L.~ 91 t.C?~ .071 .616 .338 0.0 w09n 3
0.0 .61.? .1.~6 .OS? 1.0’? 1.10? 1.870 1.309 1.61.? 1.691. 5090 8
1.69? 1.969 1.830 1.163 1.006  .721 .305 0 .0  W OOD 6
0.0 .670 .706 .073 1.062 1.311 1.690 1.619 1.1.96 1 . 7 2 0  5590 ~
1.600 ~~~~ 1.837 1.266 1.023 .738 .392 0.0 WOOD S
0.0 .85? .6*7 .069 1.313 1.2?’ 1.85? 1.316 1.666 1.600 50*0 1.
1.69? 1. ’.’.” 1.8 11. 1.231 .991 .716 .30? 0 .0  W (590 1.
S . D  .03k •:~ s .319 .1.06 1.07” 1.611 i.613 1.600 1.613 WOOD 7
1.529 1.811 1.?6C 1.075 .097  .1.05 .319 0 .0  5)90 P
0.0 .016 .~ 9* .119 .1.0’. 1,01’ 1.811 1.1.13 1,600 1.613 WO O D 0
1.929 1.811 1.~ 1C 2.07’. .097 .1.05 .319 0.0 5000 $
0.006 .‘~5 1.90’. 3,010 9.1.69 P.t.2~ 9.~ 2% 11.830 16.60’. 13.260 67U5 10
0.030 0.000 C. 00 0 . 0 0 0  0 . 0 0 0  3.C00 0 .000 0.000 0.000 5.000 ~0.000 5.000 ~..3CC 0.000 0.003 0.000 Y

—3 ,310 —1 .’t( —S.’lO —3.31 0 —3 .310 — 3 .3 10 —3. 31 0 — 3 .310  —3.310 —3 .310 7
—3.310 — ‘.31k —1. 110 — 3.310 —3 .313 —3. 31t 2
0.000 .0% .1% .212 .323 .399 .890 .675 .303 .‘03 V P
.303 . 3 7 6  .212 , 1 95  . 0 83  0.t~00 V 2

— 3.1.60 — 5 .616 — 5 .63$ —3 .60? —3.3 06 —3 .206 —1.2 33 —3 .100 —3.137 —3. 156 7 2
3.036 3 . C S #  — 1 . 0 6 6  —1.051. -1.070 —3.070 7 2

0.000 . 110 .30 ’ .856 .61.0 .‘36 .613 .680 .116 .792 V 3
.960 .511 .315 .103 .031. 0.00 1 3

— 3 . 7 1 1 .  • 1 .1 .6~ —1 . 91 .1 .  — 3 . 8 3 9  — 1 . 3 1 2  — 3 . 1 $ ’ .  — 3 . 1 0 9  — 3 . 0 3 3  — 7 , 9 9 7  —7.915  7 3
—2.000 i~~$9’. — 2 .052  — 2 . 8 1 0  -?.013 — 2 . 0 7 ’ .  2 3
0.030 .170 .801 .559 .61.3 .790 .061. .96? 1.166 1.2(7 V 8
1.100 .061 .606 .3~~ .127 0.0 1 9

—3 .993 —1.96~ — 1.010 —3 .711. —3 .938 —3 ,jSS —7.977 —1.926 —7.776 —2 .69? 2 6 - 
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3 (Continued)

-2 .62 1 - 2 . 5 65  - ‘.52 0 — 2.696  -2 .696 —2.469  2 6
0 . 0 3 0  .801. .739 .417 .993 1.120 1.171 1.261 1.829 1.476 V 6
1. 378 1.0 19  .1.00 .606 . 2 1 3  0 .00

—8 .199 —8.~ 9? —3 .060 — 3.716 —3 .530 —3.002 —2 .901 —2 .799 —2.396  — 2 . 3 2 0  7
—2. 393 — !.36 2  —2. 216 —2 . 13 9 — 2. 300  —2 . 062 7
0.000 .‘.10 .970 1 ,133 1 .311 1.6 9 1  1.511. 1.570 1.197 t.790 1 1.
1.671 1.3 16 .913 .155 .269 0.0 1 1.
8.311. —6.176 —3.091. —3.78? —1 .682 —2.753 —2.652 —2.~~76 —2 .823 —2.3?? ~ Is

— 2 . 196 — ‘ . .60  — 1 . 9 1 3  — 1 . 7 3 ?  — 1 . 6 0 3  —1. ~~t 7 7 t.
5 . 5 0  .693 1 . 0 0 1  1 .63~ 1.615 1.04?  1.900 1. 976 2 .20 6  2 .230 ‘V 7

Ze lO Ii 1.671 1.716 .79? .827 0.0 V 7
— 6.376 -4 .27? —8.051 —3 .772 —3,66? —2.103 —2 .651 —2.400 —2.19? —2.096 2 7
—1 .960 —1.818 —1 .502 —1 .391 — 1.199 — 1.171 7 7
0.000 .081 1.850 1.756 1.335 2.166 2.266 2.367 2.621 2.197 1 0

2.621 1 .0 02  1. 3 7 6  .866 .6 06  0 .0  1 1.
—6.901 —6. ’0C -1 .996 —3.767 -1 .8’? —2.620 —2.393 — 2 . 2 6 6  — 2 . 1 3 9  — 1 . 9 0 1 .  7 0

— 1 . 5 3 1  — 1 . 9 0 1  — 1 . 2 2 2  — J . ~~17 — . 765 — • ? 3 9  7 0
0.000 1.096 2.01? 2.240 ‘.167 1.799 2.401 3.020 3.437 3.368 V 9

3.360 ? . f 7 2  1.031 1.196 .110 0.0 ‘7
6.656 —6 .327 —3.996 —3.919 —3.717 —2 .483 —2.166 —2.062 —1,91 1 —1 .76% 7 q

—1.532 — 1 . 1 9 1 .  — .766 — .330 — .076 5.0 7 Q
0.000 1.029 1.971 2.260 2.831 2.791 2. 468 3.200 3 .650  3 .603  V 10
3.609 1.026 £.C60 1.323 .663 0.0 V 10

— 8.8 27  — 6 . 3 0 ’  — 9 , 0 7 9  — 3 . 076 — 3 . 6 4 7 — 2 . 5 0 4  — 2 . 2 0 0  — 2 . 0 8 ?  — 1 . 0 7 1  — 1 . 7 9 8  7 10
— 1 . 3 3 9  — 1 . 2 * 3  - .77 0 — .2~ 9 .048 .170 7 10
15.240 19.192 17 .165 19 .050 2 1 . 8 3 0  25. 717 2 7 . 170  29.920 V~ OS $
0.000 1.001 1.988 2.233 2.881 2.791 2.928 3.1St 3.202 3.960 V
3.721 1.68 7 3,261. 2 . 138 1.166 .91 0 . 716 .455 .23 1  0.0 V I

—4.837 —6 .326 —4 .661 —3.061 —3.609 — 2 . 4 9 6  — 2 . 2 1 5  — 2 . 1 1 6  — 2 . 0 6 7  —1 .895  2 1
— 1 . 760 —1.59~ —1. 406 — .0 51 — ,190 — .091 — .013 .096 .128 .152 7 1
0.000 .968 2.007 2.209 2.522 2.049 3.020 3.167 3.310 3.023 V I
3.935 1.700 3.879 2.761 1.361 1.176 .92% .38b .213 5.0 V 7

— 4.83? 8.374 —6.110 —3.936 —3.734 —2.515 — 2 . 3 1 4  — 2 . 1 8 ?  — 1 . 0 0 0  —1.067 7
—1 .71’ —1.903 —1.300 — .6% — ,~ 97 .213 .699 .101 .737 .739 7
0.030 .932 1.979 2.892 2.151 3.C99 3.131 3.696 3.643 ~.15S V 3
6.212 6.135 3.731 2.942 1.534 1.410 1.136 .70? .601 0.0 V 3

— 4.4$$ 4.394 —9 .237 —8.613 —3.606 —2.946 —2.241 —2.090 —2.017 —1.019 7 3
—1.693 —1.813 —1.227 — .701 — .399 •~~16 .902 1.161 1.321 1.37? 2 3

0.030 1.120 2.329 7. 766 2 . 9 7 6  3.376 3.533 3.791 3.997 8.50? V 4
8.762 4.694 8.188 3.029 1,036 1.621 1.389 .997 .917 0.0 V 4

—8.437 •6.37Q —4.198 —3.973 —3 .787 —2 .527 —2.361 —2.101 —1 .976 —1.732 ‘7 8
—1.60$ —1.802 —1.130 — .309 .020 .041 1.351. 1.796 2.111 2.195 V 4
0.000 1.868 2.720 3.154 3 . 3 6 6  3. 764 3.973 6 .170  4.368 3 . 108 V S
5.337 5.710 4.628 3.513 2.093 1.826 1.580 1.102 .395 .0 V

— 4.458 —4.366 —4 .221 —8.069 —3,196 —2.527 —2.200 —1.991 —1 .790 —1.500 7 6
—1.402 — 1.273 — ,90 3 — .533 .0 7 1  1.069 1.763 2.276 2.644 2.701 7 5
0.000 1.044 3,301 3.013 3.973 4.55? 4.790 5.151 5,6 11 6 , 8 7 7  V I.
6.930 6.497 6.146 3.068 2.144 1.077 1.556 1.106 .359 0.0 V 1’

—8 .41.3  — 4 , 3 3 8  —4.100  —4. 0 89  — 1 , 7 0 7  — 2 , 18 9  — 1 . 9 1 3  —1 . 1 .0 9  —1. 6 86  — 1 . 6 0 0  .‘

—1.430 —1.230 — .907 — .448 .098 1.641 1.811 2.428 3.000 3.213 2 7.
5.500 1,974 3.650 8.010 4.252 4.981 4.994 3.803 3.971 6,033 1 1
6.990 1.916 9.132 8. 049 2.169 1.979 1.709 1.237 .690 .000 V 7

—4,81 ,3 — 6 , 3 6 6  —4 .2 18 —8.06 7  — 1 . 7 3 9  — 2 . 3 6 7  —1 . 91 3 — 1 . 6 0 9  — 1. 6 7 8  — 1 . 737 7 7
—1.627 —1 .306 — .988 — .870 .119 . 37  1.661 2.603 2.949 3.137 2 7
0.000 2.096 3.901 6.310 4.364 3 . 2 0 2  5.368 5.636 6.196 6.908 1 0
.1.90* 6.900 6.325 6.232 2.063 1.062 1.306 1.021 .606 .000 V 0

‘-4.’.37 —8.338 —8.190 —6.090 —3 .601 —2 .100 —1.970 —1.836 —1 .705 —1.011 7 0
— t .s?$ —1 .199 — .947 — .567 .754 1.123 1.811 2.398 2.030 2.931 7 0
29.320 35.790 31.337 33.560 38,1(0 40.690 43.013 88.378 ~FUS 0

0.000 8.920 6.000 5.090 5,090 4.0 9 5  0.000 0.000 3.040 4,303 1 1
4.5*6 6.260 3.966 6.965 6.96? 3.977 4.930 3.104 2.562 1.71.3 V I
1.703 .57., .000 V I

—7.760 —7.250 —7.130 —7.390 —6.030 —4.9(0 —6 .950 8.477 —4. 194  —4 . 098  7 1
—3.739 —2.03? —1.760 —1.816 —1 .181 — .071 —.630 — .160 .194 1.41? 2 1
2.131 2.720 2.901
5.000 8.920 5.000 5.090 6 .090 9,1.90 0.000 0.000 9.31$ 6.702 V *1
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I (Con t inued )

4.831 5.436 6.023 6.995 7.000 5.900 4.606 3.211 1.966 1.671 v
1,198 .507 0. y *1

—7.260 —7.?5C —7.150 —7.350 —3 .030 — 4 . 52 0  —4.900 —4.437 —6.125 —3 .950 7 *1
— 3 .332 —2.C96 —1. 647 —1. 031 — 1.110 — .902 — .603 — .236 .239 1.333 7 a~2.002 2.489 7.601 z ii
0.000 4.920 5.000 3.390 3.090 4.090 0.000 0.000 3.154 5.203 V 2
5.342 3.352 6.017 6.955 8.962 5.966 4,473 3.101 1.732 1.511 V 2
1.110 •630 0. V 7

—7.260  — 7 . 2 3 0  —7 .130 —7.390 -3 .030 —4.920 —6.900 —4.355 —4 .021 —3 .716 7 2
—2.9 77 —2 .370 —?.~ 93 —1 .951 — 1 .161 —1 .078 — .7S~ — .316 .239 1.105 7 2
1.694 2.004 2.113 7 2
0.000 5.033 5.260 3.318 5.382 5.116 1.817 1.422 5.253 3.302 7 *7
3.643 3.679  6.066 7.010 6.956 3.050 4.450 3.104 1.633 1.359 V *2
1.031 .531 0. V *2

— 1 .396 — 7 .306 — 1 •207 —7.056 —4 .609 —4 .733 —4.737 — 4 . 2 7 7  —3.970 —3.75~ 7 *7
—2.979 —2.497 — 7 . 2 7 3  —2 .106 —1.169 —1.173 — .950 — .506 .063 .544 7 8?

•930 1.24? 1.326 2 *2
0.000 8.936 5.210 3.314 5.331 5.128 2.761 2,766 3.263 3.481 1 3
3.886 3.756 6.165 6.960 6.980 3.1.87 4.372 3.150 1.589 1.171 V 3
•0t5 .411 .0 V 3

— 7 . 3 6 1  — 7 . 8 1 9  —7 . 2 95  — 7 . 1 1 7  — 8 . 0 5 6  — 8 . 7 5 0  — 4 . 7 2 9  — 6 . 1 7 1  — 3 . 9 6 0  — 3 . 6 6 1  7 3
—3 .175 —2.716 —2 .692 —2. 347 —1.32 0 —1.369 —1 .232 — .707 — .267 — .036 7 3

.173 .808 .808 3
0.000 4.994 5.276 5.362 3 .38? 5,164 3.937 3.970 3.373 3.419 1 *3
3.434 3.745 6.132 7.003 7.318 3.617 4.369 3.045 1.443 1.143 V *3
•767 •406 .000 V *3

—7.396 —7 .417 —7 .295 —7.081 —4 .621 —4.71? —4.699 —4.136 —4.031 —3.653 7 *3
—3 .396 —3.015 —2.741 —2.550 —1.453 —1 .539 —1 .943 —1.039 — .382 — .399 7 *3
— .216 — .081 .026 *3
0.000 8.910 5.291 3.420 5.426 3.250 5.072 5.075 5.354 3.456 V 4
5.404 5.662 6.020 6.966 6.993 5.770 8,880 2.438 1.386 1.041 V 8
.656 .231 .000 V 8

— 7.43? — 7.450 —7.323 —6.995 —8.760 —4.679 —4.676 — 8.117 —4.592 —3.914 7 8
—3.606 —1.301 —3.031 —2.076 —1.732 —1.629 —1.722 —1.257 — .947 — .616 2 4
— .691 — .61? — .508 7 4
5.030 5.100 5.306 5.804 5.819 3.819 3.819 5.646 5.070 3.670 V S
5.095 6.025 6.279 7.010 6.993 5.551 8.760 2.416 1.092 .036 V 5

.532 .277 .000 1 5
— 7. 832  — 7 . 3 4 1  — 7 . 1 6 6  —7. 0 15  — 4 . 7 19  —4. 567 — 6.46 7  —4 .413 —4 .3 89  —4 .21 1 7 5
—4.211 —3.160 —3.551 —3.373 —2.177 —2.225 —2.197 —1.706 —1.427 —1.402 7 5
—1. 402 —1.349 -1.349 7 3
40.576 53.340 *5.960 68.560 72.009 75.05? 79.2% 63.010 63.666 66.660 xr us 10
S.000 .130 1.323 2.062 2.778 3.411 8.072 4.91? 5.370 3.543 V I
3.64? 6.325 6.965 6.902 6.378 6.116 5.474 4.760 4.003 3,366 V I
2.731 2.093 1.354 .616 .000 V I

—1 .807 —7.829 —7.802 ~7•39Q —7.396 —7 .394 —7.3 91 —7.363 —7 .132 —8.393 7 1
—4 .176 —3 .513 —3 ,560 —2.115 —2 .192 —2 .217 —2 .220 —2 .17? —2 .073 —1.946 7 1
—1.649 —1.671 —1.471 —1.357 —1.389 7 j
0.000 •691 1.303 1.985 2.753 3.261 3. 046 4.76? 3.720 5.979 V 2
8.431 6.657 7.041 7.036 6.474 5.941 5.329 4.516 3.026 3.241 V 2
2.533 1.983 1.260 •683 .000 V 2

—1 .303 —7 .277 —7 .300 —7.272 —7 .267 —7.267 —7.21,8 —7.234 —6.77? —6.134 7 2
—4.433 —3 .970 —3.015 —2.343 -2.453 —2.373 —2.306 —2.23 6 —2 .112 —2.084 2 2
—1 .920 —1. 693 —1 .763 —1 .686 — 1 .577 78 2
0.000 .437 1.095 1.837 2.672 3.264 3,996 4.938 5.674 6.050 V 3
6.386 6.695 7.028 7.026 6.307 6.172 3.606 5.116 8.58? 4.097 V 3

2.035 1.943 1.378 0.84 3 0.0 V 3
—7.234 —7.254 —7 .734 —7. 22 9 —7.254 —7.254 —7.280 — 7 .2 7 9  —7.063 —6.652 2 3
—6. 53 5 —4.337 —8.306 —3.133 —3.506 —2.350 —2.193 —2. 126 —2.071 —2.044 7 3
—1.934 —1.950 —1.05? —1.683 —1.63$ • 2 3

1.11$ 0.457 1.093 2.233 3.231 4.674 3.441 5.977 6.363 6.598 V 4
6.721 6.030  7.053 7.532 6.721 8.300 6.447 8.173 5.500 4.000 V 8
2.136 1.999 1.313 0.623 0.0 7 4
— 7 .17$  — 7 . 1 7 0  —7.170 —7.170 —7.176 —7 .110 —7 .178 —7.063 —6.610 —6.172 2 4
—3.488 —4.097 —4.654 —3.576 —3.080 —2.743 —2.332 —2 .005 —1.030 —1.030 7 4
—1 .530 — 1.030 — 2 . 0 3 0  —1 .030 — 2 . 0 3 0  V 8
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TABLE 3 (Continued)
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